Children reared in institutional environments present emotional and cognitive affectations, as well as changes in the anatomy and functioning of certain cerebral areas, such as the prefrontal cortex. However, knowledge of the long run effect of these affectations remains scarce. Therefore, this study was designed to correlate the cortical electroencephalographic (EEG) and psychopathological parameters. Resting EEG from 10 institutionalized (IA) and 10 never-institutionalized adolescents (NIA) was obtained and this was parametrically correlated with the intensity of symptoms of depression, post-traumatic stress disorder (PTSD) and anxiety. Results showed that the IA group showed higher indices of depression, anxiety and PTSD, accompanied by low relative power (RP) in the fast bands, high activity in the slow bands in frontal areas, and higher alpha2 RP in temporal areas. In addition, IA showed higher EEG-correlations among frontal areas but lower EEG-correlations among prefrontal, parietal and temporal areas in the gamma band. We also found correlations between the EEG parameters and psychopathological scores. These EEG findings can contribute to improve our understanding of how stress experienced early in life may impact the development of the cortex, and how this, in turn, may predispose individuals to develop psychiatric conditions.
It is well-known that adequate cerebral functioning depends on the coordinated work of several brain structures [14] ; hence, it is important to examine the functional coupling or decoupling among them. One way to measure cerebral functionality is by recording electroencephalographic activity (EEG), a technique that offers researchers several advantages, since it is non-invasive and easily-applied in institutionalized environments because it does not require a laboratory setting [15] . Relative power (RP) is an index of the proportion of power in a specific frequency band at a given electrode site, while Correlation (r) analyses of EEG signals make it possible to determine the degree of coupling-or functional synchronization-between two cerebral areas.
In relation to the effects of institutionalization on EEG, McLaughlin et al. [7] recorded the EEG activity of 6 -30-month-old children raised in institutions and compared it to that of an age-and sex-matched control sample of community participants. They found that, compared to the participants raised with their biological families, the institutionalized children had a lower RP in the alpha band and a higher RP in the theta band in the frontal, temporal and occipital regions; results that suggest a delay in cortical maturation. Although the children raised in institutions presented more pronounced symptoms of anxiety and depression, RP was not related to those psychopathologies. Similar results from the alpha and theta bands were found previously in a study conducted with a similar sample under similar conditions, though that work also found a lower RP in the beta Journal of Behavioral and Brain Science band in occipital regions of institutionalized children [11] . Using a similar protocol, Marshall et al. assessed two groups of children aged 42 months, one institutionalized, the other living in foster homes. They found that placement in foster care at an earlier age (i.e., before 24 months) was associated with increased alpha power, decreased frontal-central and frontal-temporal EEG coherences in the alpha band, and reduced frontal-central EEG coherences in beta [11] . These data suggest that foster care was associated with neurophysiological changes in the central nervous system in previously-institutionalized children, and that the extent of these changes was partly dependent on the age of placement in foster care.
These EEG findings reported for institutionalized children could be associated with psychopathological problems in later stages of life. Some psychiatric illnesses, like autism, are currently attributed, theoretically, to a lack of connectivity between the prefrontal cortex and different cortical and subcortical areas [16] [17] and with the presence of higher theta and lower alpha RP [18] [19] . However, the aforementioned studies have been conducted with institutionalized preschoolers or school-age children, so as far as we know no work has yet evaluated EEG changes in institutionalized adolescents or explored their possible association with the mood alterations that these populations often manifest.
Considering that mood modulation depends on the integrity of the prefrontal cortex and its functional interaction with other, associated cortical areas, and that institutionalization has been associated with emotional alterations in children, the aim of the present study was to correlate prefrontal, parietal and temporal EEG activity with psychopathological symptoms in institutionalized adolescents compared to community-reared adolescents.
Method

Participants
Participants were 10 male adolescents housed in private or government-sponsored orphanages (institutionalized adolescents, IA), who were compared to 10 never-institutionalized adolescents (NIA). All participants were right-handed, aged 13 -16 years, with no current neurological or psychiatric treatment. They were attending middle school or high school, had IQ ≥ 70 as evaluated by the brief form of the Wechsler Intelligent Scales [20] [21] , and normal scores for attention and concentration as measured by a Spanish-language battery called NEUROPSI A-M [22] . Inclusion criteria for the study were: 1) that the IA participants had lived over 75% of their lives in the institution; and, 2) subjects in the NIA group had lived their entire lives in family with their parents. Regarding the history of the IA participants, access to each one's records in the government institutions responsible for the protection of minors was obtained. Documents in the institutions where they were living were also reviewed. This allowed us to determine that none had suffered sexual abuse, but that prior to entering the institution, 50% had been victims of physical violence, 40% had suffered physical neglect, Journal of Behavioral and Brain Science and 10% had experienced psychological violence. Also, two of them were taking antidepressant medication (sertraline or fluoxetine) at the time of the evaluation.
With regard to exclusions, 4 institutionalized teenagers were not included in the final analysis due to excessive artefacts in the EEG recordings. IA participants were recruited from 4 different institutions located in 3 states in Mexico by direct invitation from their respective Principal. All institutions were registered under the Mexican Official Norms for Assistance Services for Children (Nom-167-SSA1-1997), which ensured that the adolescents' housing, clothing and food needs and health services would be fully-covered while they participated in the project. Once permission was obtained from parents or caregivers, an appointment for applying the psychometric tests was scheduled. Control group was recruited from a secondary school of one of the same states and was invited through an informational meeting with their parents. Each adolescent from control group live in a nuclear family and did not present any sign of maltreatment. Individuals of both groups were matched according to age and IQ scores. The study took along one year to be completed approximately.
The study was conducted in two sessions. During the first meeting, the attention, concentration, IQ, Depression, Anxiety and PTSD tests were applied. All Table 1 .
Procedure
EEG recordings were taken at eight derivations of the International 10 -20 System. Electrodes were placed in prefrontal, frontopolar (Fp1, Fp2) and dorsolateral (F3, F4) areas, and in temporal (T3, T4) and parietal (P3, P4) regions.
EEG-recording lasted for 3 min with subjects at rest with eyes open. All derivations were referred to linked earlobes with the ground electrode placed on the forehead. Electrooculograms were recorded to detect eye-movement artefacts using a monopolar montage with electrodes placed at the outercanthi of both [23] . All contaminated segments were eliminated. Later, the EEGs were analysed by the EEG Bands computer program [24] , which initially calculated the Fast Fourier Transform to seven frequency bands: delta (1.5 -3.5 Hz), theta 
Measures
The Children's Depression Inventory (CDI) Spanish version was applied [25] .
This is a 27-item scale that describes feelings or thoughts in adolescents during the previous two weeks related to depression or dysthymic disorder. The format for responses is based on 1,2,3-scales according to the extent of depression reflected in their choice of one of the 3 response options offered for each item; e.g., one sample item presents these three options: "I'm seldom sad" 1), "I'm frequently sad" 2), and "I'm always sad" 3). This scale assesses a total score based on two sub-domains: dysphoria and low self-esteem. Significant clinical symptomatology based on the total scale and the two subscales is considered when scores are 65 or higher.
The Children's Post-Traumatic Stress Scale-Spanish version (CPSS) [26] "Never" to "9 times or more". To consider whether a participant had clinically-significant symptoms of PTSD, she/he had to meet the above criteria and score above 24 points.
The Spence Children's Anxiety Scale-Spanish version (SCAS) [27] [28] was used to assess the severity of anxiety symptoms in relation to anxiety disorder as measured by the DSM-IV. This scale assesses a total score based on 6 sub-domains of anxiety, namely: generalized anxiety, panic/agoraphobia, social phobia, separation anxiety, obsessive-compulsive disorder, and fear of physical injury. The scale presents 44 statements such as, "I fear darkness" or "I'm afraid if I'm away from my parents", to which subjects are asked to respond on a scale that runs from "Never" to "Always". Significant clinical symptomatology is considered for scores of 65 and above.
Analysis
As mentioned above, the final analysis included 10 institutionalized and 10 nev- 
Results
Psychopathological Scores
Participants' scores on the CDI for the sub-domain dysphoria and the total score and sub-domain scores for re-experimentation and arousal on the CPSS were significantly higher in IA than NIA, though no significant between-group differences appeared on the SCAS. 
Electroencephalographic Data
The IA group showed higher RP in the theta (t = 2. The t and p values of the comparisons are presented in Table 3 .
IA also had a significantly-lower correlation in the left hemisphere between the dorsolateral and parietal (F3-P3), and dorsolateral and temporal areas (F3-T3), specifically in the gamma band ( Figure 2 ). The t and p values of the comparisons are presented in Table 3 .
In terms of intrahemispheric correlation, the IA group showed a higher correlation between the frontopolar and dorsolateral prefrontal areas in the delta, theta and alpha1 bands in the left (Fp1-F3) and right hemispheres (Fp2-F4), Journal of Behavioral and Brain Science though in this case only in the alpha 1 band. Similarly, there was a higher EEG correlation between the left frontopolar and parietal derivations (Fp1-P3) in the delta and beta1 bands in the IA group compared to NIA.
Correlation between EEG Parameters and Psychopathological Scores
A negative correlation between the SCAS total scores and RP in T3 (r = −0.606, Figure 1 . Relative power converted to logarithms (mean ± 1 standard error) for the institutionalized (IA) and never-institutionalized adolescents (NIA), from the derivations at which there were significant between-group differences. *p < 0.05; + = 0.05. As Table 4 shows, re-experiencing, avoidance and arousal CPSS scores showed a positive correlation with the inter-frontopolar-prefrontal EEG correlation Journal of Behavioral and Brain Science 
Discussion
The results of this study indicate that adolescents who had been institutionalized for over 75% of their lifetime presented an electrical organization of the brain distinct from that of the subjects who had lived their entire lives in family settings with their parents. Some of the EEG parameters assessed showed correlations with anxiety, PTSD and dysphoric symptoms. In addition, the institutionalized adolescents showed greater symptoms of PTSD and dysphoria, and more of them presented clinically-significant symptoms of anxiety and PTSD.
Psychopathological Scores
The institutionalized adolescents had higher scores for dysphoria (CDI) and PTSD than those in the NIA group. Also, more of them presented clinically-significant symptoms of anxiety and PTSD. Several authors have established a relation between the time of institutionalization and the onset of mental disorders [7] [29]. Thus, the higher scores for depression and PTSD in the IA group could be the result of the lack of trustworthy, long-term social bonds and the scarcity of alternatives for dealing with stressful situations; factors that could induce the impairments in the socio-emotional interactions of such subjects that have been reported as characteristic of institutional care [30] . These features might emanate from the lack of social and personal interaction between a child and her/his caretaker called "serve and return", which sustains normal neurodevelopment in children [31] . This finding concurs with studies, which mention that neglect is even more strongly-related to depression outcomes than sexual or physical abuse [32] . Although physical and emotional neglect partially contribute to PTSD symptoms, there are other types of maltreatment that contribute more to PTSD, such as emotional or sexual abuse [33] . Therefore, we cannot rule out that the higher intensity of PTSD symptoms could be related to stressful situations experienced by adolescents during, or before, their institutionalization.
EEG Activity and Psychopathological Scores
EEG activity in different areas in adolescents might reflect abnormal development or lack of development. Regarding EEG Relative Power for example, the negative correlation between Fp2 RP in the beta 1 band and CPSS (PTSD) and CDI dysphoria could be related to cortical excitability, since similar beta frequencies have been found in insomnia patients [34] . Hence, restlessness might be a facilitator of this increase, given that high frequencies such as beta (or gamma) waves reflect cortical activation [35] and so might also reflect behavioural arousal [36] [37] [38] . We consider that this finding was driven by the higher beta1 band found in the IA group at the Fp1, Fp2 and F4 electrodes, since this finding proved to be significant when the IA group was analyzed independently. On the other hand, regarding the F2 electrode, it has been reported that EEG frequencies become faster with age [39] . While the RP of slow bands like Journal of Behavioral and Brain Science theta and alpha1 decreases, the RP of beta increases with age in early adolescents with normal development and no signs of depression and anxiety [40] [41]. Also, there are reports of a higher presence of theta power in learning-disabled children compared to normal children, and in institutionalized children compared to never-institutionalized populations at the aforementioned derivations.
These findings have been related to a pattern of immaturity [11] [42]. Therefore, it is possible that the increased theta RP observed in IA could be associated with a pattern of immaturity, as has been reported by other authors.
These results, which are common to a variety of disorders, including ADHD and autism, have also been described as signaling deviations in brain development [11] . This was best expressed when Corning et al. [43] , demonstrated a negative correlation between the theta and alpha bands and Wechsler subscales like arithmetic, picture completion, picture arrangement, and object assembly, and went on to explain that these bands indicate a pattern of maturation. Although we did not find any parametric correlation among our Fp1 and F4 beta1
EEG correlation and psychopathological scores, we assume that the explanation for these findings is related to this explanation of cortical excitability.
Other findings that might be related to abnormal development are from the RP of the F3 area in relation to the alpha2 and beta1 bands. In this regard, a lower proportion of alpha2 and beta1 bands in temporal and frontal areas has been documented in resistant schizophrenic patients compared to non-resistant patients and controls [44] as in our results. Those authors explain their findings on EEG RP by suggesting a relation to various morphological and physiological abnormalities. This would be in line with the explanation of our EEG relative power findings based on the lack of different types of stimuli that could provoke, as well, abnormal development of cortical areas with subsequent differences in electrical features [10] . This relationship could be confirmed by our negative relationship between F3 in the alpha2 band and psychopathological scores.
Additionally, we observed a negative association between T3 and T4 in the alpha2 band and anxiety scores (SCAS Total score and SCAS CDI). This correlation could be related to the limbic irritability described by Teicher [45] in children exposed to early stress. The emergence of temporal lobe or limbic seizure-like activity-"limbic irritability"-could be a consequence (as has been found in studies of early stress in animals) of the reduced density of both central benzodiazepine receptors and high-affinity GABA-A receptors [46] . Again, we consider that this finding was driven by the IA group since it was there that we found the same T3 and T4 alpha2 results.
Considering that we obtained a negative correlation between the alpha2 band and anxiety scores in temporal areas, we conclude that the low RP of alpha2 reflects higher activity in temporal areas and so generates higher anxiety scores.
Conversely, the higher RP of alpha2 reveals lower activity in temporal areas, which led to lower anxiety scores.
Regarding our EEG results, we found a positive relation between frontopolar Journal of Behavioral and Brain Science EEG correlations and anxiety scores. First, there is a significant decrease in frontopolar thickness between 8-and 20-year-olds [47] . Discussions of functionality within frontopolar connectivity have reported that functional interhemispheric coupling decreases with age, though it does not occur in other areas, such as the parietal, temporal or occipital regions [48] . Functionally, a higher interhemispheric hemodynamic coherence between frontopolar cortices in autistic children with low social abilities during a rest condition has been found [49] . If we consider reports that have established the importance of frontal-polar areas in the state-dependent regulation of emotion [50] , then perhaps basal functional coupling is a mechanism that helps institutionalized adolescents cope with stressful situations. Considering that institutional populations have been described as having a quasi-autistic syndrome [9] , perhaps this higher functional coupling between frontopolar cortices is a common characteristic of autistic and institutionalized populations, and is related to abnormal connection pruning.
We also found a positive correlation between functional connectivity among prefrontal regions (Fp1, Fp2, F3 and F4) in the alpha bands and CPSS subscales like re-experiencing, avoidance and arousal. Similar results emerged from the CDI dysphoria subscale, where a positive correlation between functional connectivity among prefrontal regions in the delta, theta and alpha bands was identified. It has been suggested that brain structures like the prefrontal cortex are particularly vulnerable to stress, since they have a high density of glucocorticoid receptors and experience significant postnatal development [45] . On the other hand, there is evidence to suggest that decreased coupling among brain areas is related to optimal organization of cortical networks, such that increases may indicate immaturity and a lack of cortical specialization [51] . This argument might be based on explanations which propose that short-distance connectivity is critical in generating functional specificity (information) [52] .Upon analysing our dysphoria-EEG correlation we realized that the main findings occurred in the left prefrontal hemisphere with one positive correlation in the right hemisphere.
In this regard, it has been argued that the Behavioural Activation System (BAS system) is related primarily to left hemisphere activation during approach motivational situations, but to the right hemisphere under withdrawal motivation [53] . We consider that the increased basal correlation among left frontal areas in the slow bands (delta, theta and alpha1) could indicate a less effective mechanism and, therefore, the propensity to present dysphoria. Under these assumptions, this left activity could be related to a lack of motivation to handle anxious situations under a more psychological context. On the other hand, we must analyze these results, as well, in light of the theory proposed by Higgins (1997), which holds that there are two systems for attaining desired outcomes: one called promotion, the other prevention. Promotion occurs when we "make things happen" in order to obtain a relevant outcome; while prevention acts to "avoid something bad from happening" in order to obtain the desired outcome. Journal of Behavioral and Brain Science
Perhaps our right interior prefrontal EEG correlation finding is related to a less effective production of motivation to take measures "to prevent things from happening".
Regarding the positive correlation between SCAS and the F3-T3 gamma band EEG-correlation, it is important to recall that those areas are critical for the control and regulation of social behavior [54] . In relation to our results, perhaps the salience of the absence (in social separation) or presence (in panic agoraphobic) of social influence manifested through the fronto-temporal correlation leads to the anxiety scores we recorded. If we consider that long-distance connections allow cortical areas to interact among themselves and so integrate different sources of information into coherent behavioral and cognitive states [17] , it would be logical to think that fronto-temporal functional coupling does not represent an efficient way of processing social information.
Turning to the functional connectivity between the prefrontal and posterior cortices, our study found a lower gamma correlation in the left hemisphere between the prefronto-parietal and prefronto-temporal areas in IA. Similar findings have been observed with highly-functional autistic participants using fMRI techniques, which showed a lower correlation between prefrontal and parietal areas compared to controls [55] . Similarly, Brzezicka proposed that the fronto-parietal network plays a fundamental role in integrating information into the coherent mental representations required to resolve problems, and that the lack of such integration could be associated with the presentation of negative moods and depressive states [56] . Considering all these results, we could argue that our findings might be related to an inefficient transit of information between anterior and posterior areas.
Finally, we also found a higher EEG correlation between the anterior prefrontal and parietal areas in the left hemisphere in the delta and beta bands in IA.
This EEG correlation again shares some similarities with data from autistic patients reported by Duffy and Als [57] , who observed higher coherence between frontopolar and posterior parietal areas compared to controls. Those authors consider that their findings reflect a mechanism in the brain that seeks to compensate for abnormal brain network development. In our IA group, there was no evidence of such a factor that drives abnormal brain development as in autistic groups; however, it could be that an adverse environment drives the development of uncommon brain connectivity.
Finally, it is important to mention that the sample for this project was small due to several factors: the high number of institutionalized adolescents with low IQ, the effects of long-term psychiatric treatment, the few adolescents that had spent 75% of their lives in orphanages, the few institutions for adolescents (since most house younger children), and the need to remove EEG recordings affected by artefacts. These conditions made it necessary to recruit adolescents from 4 different institutions in 3 states in Mexico. Thus, the features of the study sample itself limited our ability to recruit more participants.
Conclusion
In conclusion, the IA adolescents presented more psychopathological symptoms and a brain electrical organization distinct from the controls, which had lived their entire lives with their parents. Their EEG parameters are similar to those of young people with psychiatric disorders like autism, and showed correlations with anxiety, depression and PTSD scores. We believe that these EEG findings can contribute to improving our understanding of the impact that early stress may have on the development of the cortex, and how this may predispose adolescents to develop psychopathologies.
